Abstract: This paper examines the impact of investment in knowledge-
Introduction
In recent years there has been an increased focus on investment in knowledge-based capital (KBC) as a source of innovation and productivity growth. In this context, it is widely recognised that innovation-based growth is underpinned by investments in a broader range of intangible assets beyond R&D spending such as computer software and data sets, organisational know-how, human capital, designs and other forms of intellectual property (Andrews and de Serres 2012) . This approach has been driven by the rapid growth of information and communication technologies (ICT) in the 1990s as a new general purpose technology and the need to understand complementary investments such as investment in skills and organisational change required to exploit the opportunities that ICT offered. 1 Given their intangible nature, measuring investment in KBC assets and their impacts is challenging.
Progress has been made following contributions from researchers and the OECD. The mostly used methodological framework is the one proposed by Sichel (2005, 2009 ) known as the CHS framework. The CHS framework has been developed initially as a macroeconomic approach using available data for the US. It provides a consistent conceptual framework for measuring three types of KBC assets: (i) computerised information: knowledge codified in computer programmes and computerised datasets; (ii) innovative property: R&D and knowledge assets that are protected through intellectual property (IP) rights such as patents, designs, copyrights and trademarks; and (iii) economic competencies: knowledge embedded in a firm's human and structural resources such as firm-specific training, organisational capital, and brand equity.
The CHS framework has been used to produce comparable data on investment in KBC across industries and countries. Existing evidence based on these harmonised data sets indicates that investments in KBC are sizeable and they have increased over time (Corrado et al. 2013 (Corrado et al. , 2016 OECD 2013) . In recent years, in a number of advanced economies, notably the US, the UK, and Sweden private business investments in KBC have been larger than investment in tangible (physical) capital (Corrado, Hulten and Sichel 2009; Dal Borgo et al. 2012; Corrado et al. 2016) . Another common feature across advanced economies is the large and growing share of investment in non-R&D assets.
Recent studies using a growth accounting methodology have estimated that investment in intangibles 2 is an important source of productivity growth (Corrado et al. 2012 (Corrado et al. , 2014 2016; Dal Borgo et al. 2013; Niebel, O'Mahony and Saam 2017) . Corrado et al. (2016) estimated that over the period 2000-2013, the contribution of intangible capital deepening to the annual labour productivity 1 Karlsson et al. (2010) reviews the international evidence on the role of ICT as a new general purpose technology and complementary investments needed to exploit the growth opportunities ICT offer. 2 Throughout this paper we use the terms knowledge-based capital (KBC) and intangible assets interchangeably.
3 from investing in various types of KBC assets. Such complementarities were found for investment in R&D and the patent stock; investments in innovative capital and firm-specific human capital; and for investments in innovative capital and brand equity. Higón, Gómez, and Vargas (2017) estimate the effects of investments in R&D, advertising and human capital on total factor productivity in Spanish manufacturing firms. They find evidence of complementarities between investments in R&D and advertising, and between investment in advertising and human capital. Further, they find no conclusive evidence for the case of investments in R&D and human capital.
This paper examines the effects of investment in KBC on productivity of firms based in Ireland. More specifically, we use a panel of annual micro-data from Ireland over the period 2006-2012 and estimate a dynamic econometric model which links firm productivity to investment in R&D and in other knowledge-based assets including software, copyrights, patents, licences, and organisational capital. The novelty of our contribution is threefold. First, since it has been documented that the productivity performance of a firm is likely to be persistent Dhrymes 1998, Raymond at al., 2015) , we use a dynamic model which accounts for the persistence and pathdependency of productivity when estimating its relationship with investment in KBC. Second, in addition to average effects, we account for heterogeneity in the key relationships and allow the effects of investment in KBC on productivity to differ across sectors (manufacturing and services; knowledge-intensive 6 and non-knowledge intensive industries) and across different groups of firms (Irish-owned and foreign-owned; small, medium-sized and large). Third, in contrast with existing evidence from large economies, we provide firm-level evidence from a small open economy, Ireland, with a high productivity multinational sector which allows us to examine the different behaviour of foreign-owned 7 and indigenous firms with respect to investment in KBC.
The key results indicate that on average, over and above other factors, investment in knowledgebased capital is positively linked to firm productivity. Over the analysed period, an increase in investment in knowledge-based capital by 10 per cent increased firm productivity by 2 per cent. The effect is statistically stronger for foreign-owned firms but it is more sizeable for Irish-owned firms.
Further, we find the effect of investment in R&D on productivity is larger than the effect of investment in non-R&D knowledge assets. 6 Table A1 in the Appendix identifies the knowledge-intensive industries following the Eurostat classification based on NACE Rev. 2. Business industries are classified as knowledge-intensive if the employed persons with tertiary education represent more than 33% in the total employment in that activity. 7 The analysis of the behaviour and performance of foreign-owned firms relates to the activity of these firms reported in Ireland.
5 by price indices available from the Central Statistics Office: the NACE 2 digit producer price indices for industrial sectors and the consumer price index for the remaining sectors.
Measuring investment in KBC
To construct measures of investment in KBC at firm level, we use the analytical CHS framework (Corrado et al. 2005 (Corrado et al. , 2009 ) discussed in Section 1. The CHS approach is based on expenditures on own produced intangible assets and purchased knowledge services. Following this approach, we have first extracted information on firms' own account investment in knowledge-based capital assets, available from the CIP and the ASI surveys: these are annual additions to capitalised R&D; software; copyrights, patents and licences for intellectual property; and other fixed intangible assets.
Subsequently, in order to obtain a broader measure of investment in KBC to also include purchased − total investment in intangibles: investment in R&D, software, organisational capital, intellectual property and other intangible assets.
Other variables
The dependent variable in model specifications is labour productivity measured as value added per employee, i.e. the value of sales net of costs of materials and services divided by the number of employees 11
. Other regressors used in estimations include the value of investment in tangible capital acquisitions. Other reasons could include changes in employment with downsized firms with less than 20 employees not being included in the more detailed surveys. 11 Given that information on physical output is not available, the productivity is measured on the basis of real value added.
This implies that the productivity measure, particularly in the case of foreign-owned firms may be distorted by transfer 6 assets (per employee), the amount spent on wages (per employee), the age of the firm and a binary variable indicating whether a firm is Irish or foreign-owned. Details of all variables and data sources are given in Table A1 in the Appendix.
Descriptive statistics
Following on from previous firm-level evidence on investment in innovation, 12 firms' decisions related to investment in KBC are likely to be influenced by their ownership status (Irish or foreignowned), their export activity and their size. Figures 1 and 2 show a yearly breakdown of the share of firms investing in R&D intangibles, 13 non-R&D intangibles
14
, together with the remainder category of firms not investing in any kind of intangible asset, by various subgroups of firms. Tables A2 and A3 in the Appendix report the shares of firms investing in R&D, of firms investing in non-R&D by firm ownership and export participation and by ownership and size class.
The first noteworthy feature in Figure 1 is that, relative to the differences in the composition of investors and non-investors across the categories of firms, time variation is an issue of second order importance. Within the groups in which firms were divided, the shares of firms investing in R&D and non-R&D intangible assets are in fact rather stable over time.
Variation across different groups of firms is instead much more evident. The shares of firms investing in KBC are lower among Irish-owned firms in comparison to foreign-owned firms. This difference is mostly accounted for by non-exporters, a large group of firms with the lowest shares of investors in R&D. In contrast, Irish-owned exporters have the highest share of investors in R&D, even higher than foreign-owned firms, among which exporters tend to invest more in R&D than non-exporters.
Overall, it appears that with respect to engagement in R&D investment, the largest gaps emerge between non-exporters and exporters, regardless of ownership.
Concerning non-R&D investment, ownership is the decisive factor in driving the gap between investors and non-investors: regardless of firms' engagement in the export market, the share of firms investing in non-R&D is higher among foreign-owned firms, relative to Irish-owned firms.
Between non-exporters and exporters, the shares of non-R&D investors are roughly similar. Finally, it is noteworthy that the shares for all firms (shown as Total in Figure 1 ) are strongly dominated by pricing. Since transfer pricing is not observed in the data, to endure that revenue distortions do not impact systematically the results of this analysis, the key regressions are run separately for Irish-owned and foreign-owned firms. 12 This evidence has been obtained with analysis based on the CDM model. Recent reviews of this evidence include Mairesse and Mohnen (2010) , Ruane and Siedschlag (2013) , and Brostrӧm and Karlsson (2016) . Siedschlag and Zhang (2015) provide evidence for Ireland. 13 Firms reporting either investment in R&D capital assets, or expenditure in R&D services, or both. 14 Firms investing and/or spending in any of the following: software, patents, copyrights and licenses, royalties on technical know-how, management fees and other intangibles.
Irish-owned firms, which are much more numerous than foreign-owned firms in the analysed sample.
15
Further distinctions across different firm groups can be drawn by splitting firms into three size classes: small firms (20 to 50 employees), medium-sized firms (50 to 250 employees), and large firms (250 and more employees). In Figure 2 , where there is no distinction between non-exporters and exporters, the shares of investors in R&D are rather similar across the three size groups. Overall, relative to Irish-owned firms, foreign-owned firms have higher shares of R&D investors in all size categories. However, among large Irish-owned firms, the share of R&D investors are comparable to that of foreign-owned firms, although less so in the last three years of available data, 2010-2012.
Examining firms' engagement in non-R&D investment, it appears that the share of firms active in this category of intangibles grows as firm size grows. Again Irish-owned firms show lower shares of non-R&D investors than foreign-owned firms, except for the group of large firms, where the share of investors is comparable across the two ownership categories. In Figure 2 , the time dimension appears to matter more than in Figure 1 : in all size classes the share of investors grows slightly over time, especially among small and medium sized firms, both Irish and foreign-owned. This feature is mostly due to the growing shares of investors in non-R&D intangibles.
15 Among the 11,346 firms analysed in this paper, 9,935 firms are Irish-owned compared with 1,817 foreign-owned firms. Firms with spending on own and purchased R&D Firms with spending on own and purchased non-R&D assets Firms with no spending on KBC Figure 3 shows the productivity (log value added per employee) distributions of investors in R&D, investors in non-R&D knowledge-based assets and firms with no investments in KBC. The productivity distribution of firms investing in R&D dominates the distribution of non-investors, especially among lower productivity firms, suggesting a higher average productivity for R&D investors. This descriptive evidence is informative for the econometric analysis we undertake next. Further heterogeneity among the sub-groups of Irish and foreign firms, exporters and non-exporters, emerges when analysing the intensity of investment in intangibles, measured as investment per employee. In Table 1 the strongest contrast emerges when comparing the mean investment intensity of Irish and foreign-owned firms, with the figures for the latter dominating by far the figures for the former.
However, it is noteworthy that the gap between Irish and foreign-owned firms closes a great deal when the median intensity is compared, signalling the presence of some extremely large investment flows in the case of foreign-owned firms. The mean and median investment intensities are higher for exporters than non-exporters for both Irish and foreign firms. Again, the gaps are significantly larger for the means, especially among foreign-owned firms.
The patterns identified in Table 1 , with foreign-owned firms and exporters investing a larger amount in KBC per employee than, respectively, indigenous firms and non-exporters, are confirmed when the full analysed sample is split between firms in industry and services. Tables A4 and A5 in the Appendix show these results. Table 2 splits firms further into the three size groups, adding the size dimension to those of ownership and export status. Within each size group, the patterns identified in Table 1 are confirmed: foreign-owned firms invest more than Irish-owned firms, and exporters invest more than non-exporters. Only among large Irish-owned firms, the mean intensity of investment by nonexporters is larger than the corresponding figure for exporters.
Across size groups, without distinguishing between ownership and export status, both the average and the median for investment intensity are smallest for small firms, and highest for large ones.
Some interesting heterogeneity is uncovered when looking more deeply into the various firm categories: for Irish firms, the mean for investment intensity increases when moving from small to large firms, while the median investment intensity is largest for medium-sized firms. This suggests the presence among medium-sized firms of a bigger number of firms with an investment intensity which is higher than that of large firms.
Inspecting the differences among foreign-owned firms of different sizes, it's interesting to notice that the mean investment intensity is highest for large firms, but with small firms investing on average more than medium-sized firms. If firms are instead ranked according to the median investment intensity, small foreign-owned firms report the highest intensity, with large and mediumsized firms coming next, although with values that are close to each other.
A final noticeable feature is that the overall mean and median figures are driven by the values measured for non-exporters when firms are Irish-owned, whereas for foreign-owned firms this is much less evident suggesting that the numbers of firms are more evenly distributed between exporters and non-exporters. 
Econometric Methodology
To analyse the relationship between investment in KBC and firm productivity we estimate a dynamic econometric model which accounts for the persistence of firm productivity over time and its dependence on past performance. Persistent differences in productivity between firms have been shown to be widespread (Bartelsman and Doms, 2000; Raymond et al., 2015) and have been mostly attributed to firms' selection at entry (Hopenhayn 1992 , Melitz 2003 , demand channels 16 (Moreira 2016) , learning-by-doing, innovative efforts and investment in higher quality managerial capital (Syverson, 2011) . In assessing the productivity enhancements due to new investment in KBC, we therefore account for the self-perpetuating productivity process triggered by the innate skills embodied in firms at entry, demand factors and the intangible capital already accumulated by firms in the past. In this way, we obtain unbiased estimates of the relation between investment in KBC and productivity, 17 over and above the effect of the widely known drivers of productivity differences between firms.
For these reasons, in the estimation set up we link firm productivity to its productivity performance in the previous year. 18 In addition, in order to obtain unbiased estimates, we control for other firmlevel factors that are both related to productivity and investment in KBC. Finally, we exploit the panel nature of the data, which allows us to apply econometric techniques that accounts for any other unobserved time invariant factors which might affect productivity. Taken together all these factors, we estimate the following dynamic model:
The dependent variable, firm productivity, is measured as the value-added per employee Ln � / , �, taken in its natural logarithm. Value added is calculated as the value of sales net of the cost of materials and services. The lagged value of the dependent variable accounts for the dynamic process driving firm productivity. The main explanatory variable of interest is investment in
�, whose association with productivity is identified by the parameter 2 . The other explanatory variables, i.e. tangibles per employee, wage per employee, the age of the firm and the foreign ownership indicator, are included in the analysis because they are related to both productivity and investment in intangibles.
16 Demand accumulation through consumer reputation and brand awareness. 17 Especially because investment in KBC is likely to be correlated with past firm productivity. 18 Controlling for past productivity over two periods instead of one leaves the results unchanged; furthermore the second lagged period turns out to be often insignificant. These estimates are shown in Table A8 in the Appendix.
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The remaining variables are a set of controls which pick up any unobservable time constant factor affecting firm's productivity ( ), any shock which is common across all firms in a given year ( ), and any shock which is common across all firms in a NACE 2-digit sector ( ), which might otherwise affect firm productivity.
The dynamic-panel setting applied to the available data, with a short time dimension (at most 7 years) relative to the number of cross-sectional units, requires instrumenting the lagged dependent variable Ln� / , −1 � to circumvent the correlation of this regressor with the residual of the model (Nickel, 1981) . For this purpose, we apply the Arellano-Bond (1991) A GMM procedure offers a variety of estimation options. To motivate the choice of the estimator, in Table 3 below we compare results from a pooled-OLS model (POLS), a fixed-effects within estimator (FE) and a system-GMM estimator (Blundell and Bond, 1998) . The coefficient on the lagged dependent variable is indicative of the correct specification of the GMM model. Both the POLS and the FE estimators are biased, but they can be taken as, respectively, an upper and a lower bound estimate of the lagged dependent variable coefficient. Arellano and Bond (2001) suggest that the GMM estimate should lie in between the POLS and the FE estimates: this "rule-of-thumb" holds in Table 3 suggesting that the system-GMM estimator is the appropriate one.
19
The system GMM jointly estimates the dynamic model both in differences and in levels, 20 using lagged levels as instruments for the regression in differences and lagged differences as instruments for the regression in levels. In this paper, we present results that rely on lagged levels dated from t-2 to t-4 for the regression in differences and lagged differences dated t-1 for the regressions in levels. 21 The exogeneity of the lags exploited in the instrumentation is confirmed by the ArellanoBond test for serial autocorrelation, which fails to reject the null of no first-order correlation in the residuals 22 . In addition, we report the Hansen J-test of the null hypothesis that the over-identifying 19 This is visible from the lagged dependent variable coefficient and the p-values for the Hansen-J test statistic, whose range indicate that the instruments are valid and not affected by a weak instrumentation issue. 20 Estimating the model in both differences and levels addresses the weak instrument problem arising from using laggedlevels of persistent explanatory variables as instruments for the regression in differences (Blundell and Bond,1998) . However, a strong assumption of this approach is that changes in the instrumental variables are uncorrelated with the fixed effects. 21 In the interest of space we report result with one set of lags used as instruments (the t-2, t-3 and t-4 lags in levels for the differences regressions and the t-1 lag in differences for the level regressions); however, we estimated all regressions in this analysis exploiting all the possible combinations of lags (starting from t-2 and ending at t-6), in order to reassure about the robustness of the system-GMM estimates. The results are extremely similar across all lags specifications and are available on request from the authors. 22 This implies that lags starting at t-2 are uncorrelated with the residual and are valid instruments for the lagged dependent variable.
15
restrictions are valid: here we always fail to reject the null hypothesis, confirming the validity of the instrumentation procedure.Finally, the GMM instrumentation procedure can help to instrument additional regressors which are likely to exhibit a correlation with the residual of the model, other than the lagged dependent variable. In this context, it could be argued that investment in intangibles is determined simultaneously with firm productivity, causing a reverse causality bias. Similarly, also the value of investment in tangibles and the average wage per employee are likely to be endogenous to productivity due to a simultaneity issue. To circumvent these endogeneity concerns we instrument investment in intangibles, investment in tangibles and the wage per employee with their past values, exploiting the same lag structure exposed for the instrumentation of the lagged dependent variable.
Empirical Results
Investment in aggregate intangible assets and firm productivity Table 3 reports the estimates of the dynamic model outlined above using the system-GMM estimators as discussed in Section 3.
As expected, the past value of firm productivity is a positive and significant determinant of current firm productivity. This is found consistently across all the specifications estimated and the firm subgroups analysed. Persistence is rather high, with a 10 per cent higher productivity reflected in a 6
per cent higher productivity in the next time period. On average, investing in KBC affects firm productivity positively and significantly: an increase in investment in KBC per employee by 10 per cent translates to a 1.8 per cent higher productivity. This result, statistically very robust and economically sizeable, is found when all firms are analysed.
However, as shown in Table 3 , important heterogeneity exists across various groups of firms.
Investing in KBC affects firms' productivity to a larger extent in the case of Irish firms than for foreign firms, although the estimate is much more precise (its statistical significance much higher) on the subsample of foreign-owned firms. This suggests that the performance of foreign-owned firms drives the link between investment in KBC and productivity obtained for all firms. The estimated coefficient in column (3) is in fact close to that of foreign-owned firms.
Contrasting manufacturing and service firms, we find that investing in KBC positively affects the productivity for both types of firms, but the effect is more than three times larger for manufacturing firms relative to service firms. Investing in intangibles is also positively linked to the productivity of firms in non-knowledge-intensive industries, but has only a weak impact on the productivity of firms in the knowledge-intensive industries. This result could be linked to the fact that factors other than investment in KBC are less important for the productivity of firms in industries which are not 16 knowledge-intensive. The last comparison is within the manufacturing sector, between firms in the food and non-food industries: while investment in KBC raises productivity for firms in the non-food industries, it appears to be even more important in the food industry, where the estimated coefficient is the largest among all estimated effects.
With respect to other covariates, it appears that investment in tangible capital per employee does not have a significant effect on firms' productivity, over and above the impact of investment in KBC.
A positive and sizeable association between tangibles and productivity is only found in food industries, but this result is too weak to be generalised. Wages per employee is used as a proxy for the skill intensity of the work force. When all firms are pooled together (column 3) no significant link is found with firm productivity, but this result is probably driven by Irish-owned firms, for which the estimated effect is negative (albeit insignificant). For foreign-owned firms, productivity is strongly associated with the wage per employee, as well as in the subsamples of manufacturing firms, nonknowledge intensive firms and the non-food manufacturing firms. More mature Irish-owned firms, in knowledge-intensive and in food industries have a higher productivity, while in the other groups of firms analysed, age is not significantly related to firms' productivity. Finally, as expected, foreignowned firms are on average more productive than Irish-owned firms, particularly in manufacturing industries. Table 4 analyses the impact of investment in intangibles on productivity across different firms' size classes. Columns 1-4 show the results obtained aggregating Irish and foreign-owned firms, whereas columns 5-8 show the results for Irish-owned firms only.
Investment in KBC increases productivity in small and medium-sized firms (firms with 20 to 250 employees). This positive effect is driven by medium-sized firms (firms with 50 to 250 employees).
The effect for small firms is small but statistically significant, while the effect of investment in KBC on productivity is positive but not statistically significant for large firms. Restricting the analysis on the subgroup of Irish-owned firms (columns 5-8) changes this finding somewhat, because the association between intangibles and productivity is largest for small firms (firms with 20 to 50 employees), and statistically significant only for this size class. This result suggests a further difference between Irish and foreign-owned firms: the link between investment in KBC and productivity for foreign firms is strongest at a different (possibly higher) point along the size distribution compared to Irish firms. Table 5 provides an additional disaggregation of the analysed firms based on export participation.
Regardless of firm ownership, it appears that the association between aggregate investment in intangibles and productivity is larger for non-exporters than for exporters (columns 1 and 2); however, distinguishing among Irish and foreign firms, it is evident the result is driven by foreign-owned non-exporting firms. In contrast, in the group of Irish firms, the results indicate that exporters gain more in terms of labour productivity from investing in KBC relative to non-exporters. 
Investment in specific KBC assets and firm productivity
This section examines the impact of investment in specific KBC assets on firm productivity and provides insights on one of the key contributions of this paper: we show that, besides the role of investment in R&D, investment in non-R&D assets also affects firm productivity. Specifically, we examine the differential impacts on productivity coming from investments in R&D, computer software, organisational capital, intellectual property (IP) assets (patents, copyrights, royalties, licences), and other intangible assets. Non-R&D intangibles have heterogenous effects and, across the various subgroups of producers, they are associated with productivity with varying degrees of statistical significance. The results are reported in Table 6 .
Column 1 reports the estimates for all firms. The largest effect on productivity over and above productivity persistence and other factors appears to be investment in software: the aggregate result is very large and more than proportional (a 10 per cent increase in the amount invested in software is associated with a 13 per cent higher firm productivity). Surprisingly, this effect is insignificant when the analysis is restricted to Irish-owned firms only, and results appear to be driven entirely by foreign-owned firms. Looking at the other sub-samples, a positive effect from investment in software on productivity is found: the coefficient is larger (but less significant) in services than in manufacturing, large and significant for non-knowledge intensive industries and insignificant for knowledge intensive industries. Within the manufacturing industries, investing in software has a positive effect on productivity only in non-food firms; for firms in food industries the association is negative.
Investing in R&D is positively associated with productivity, although the related coefficient is lower compared to that of software investment. It is noteworthy that for Irish-owned firms, for which investment in software has no impact on productivity, R&D investment is found to affect productivity the most, and in a statistically significant way. In contrast, investment in R&D has barely any impact on the productivity of foreign-owned firms over and above other intangible investments (investments in computer software, organisational capital and IP assets) and other factors which influence firm productivity (such as past productivity and skills intensity). Furthermore, investing in R&D leads to productivity gains in manufacturing, but not in services. In non-knowledge intensive industries the link between investment in R&D and productivity is larger than in knowledge-intensive industries. Finally, for firms in the food industries, investing in R&D is associated with a much larger effect on productivity (about 10 times larger) than in the case of firms operating in non-food industries.
Investment in organisational capital is also strongly associated with productivity gains. The estimated coefficient is lower than the coefficients obtained for investment in computer software and R&D, but it is very stable and statistically significant in all firm subgroups. Only among services firms, it appears that investing in organisational capital doesn't affect productivity in a statistically significant way, but the effect is not completely null.
Investing in IP assets comes next in importance, as far as firm productivity is concerned. There is a positive association estimated for this type of intangible investment, but this is mostly driven by the subsample of foreign firms. Looking at the sectoral disaggregation, the amount invested in IP assets is significantly associated with higher productivity in manufacturing industries, and especially in nonfood producing sectors.
Finally, investment in other intangible assets (not classified in one of the above mentioned categories) has little explanatory power over and above investment in software, R&D, organisational capital and in IP assets. The coefficient for investment in other intangible assets is, in fact, always statistically insignificant. Table 6 showing the effects of investment in specific KBC assets on productivity are provided in Table A6 in Appendix. Table A6 shows that introducing investments in specific KBC assets one by one leaves the results explained in this section unchanged, with the estimated effects varying only marginally in size 23 . Table 7 shows the estimates of the impact of investments in specific intangibles on productivity unpacked across the three size groups considered in Table 4 . The results obtained with the sample of all firms are confirmed here, especially in columns 1-4, where both Irish and foreign-owned firms are used in the estimations.
Robustness checks of the results in
The results indicate that investing in computer software is again associated with the largest productivity gain. The effect is the largest for medium-sized firms and virtually zero for small firms, although it is statistically significant only for large firms. It is noteworthy that none of the coefficients estimated for the subsamples of Irish firms (columns 5-8) is statistically significant, confirming the result shown in Table 6 (column 2), where the estimates are not disaggregated by size groups.
Further, we find that R&D investment is positively linked to the productivity of small and mediumsized enterprises, either taken together (results shown in column 1) or estimated separately (columns 2 and 3). No effect is instead found for the subsample of large firms. Interestingly, when restricting the sample to Irish-owned firms only, for small enterprises we uncover the largest impact of investment in R&D on productivity: a 10 per cent higher investment in R&D per employee is associated with a 12 per cent higher productivity.
Investment in organisational capital, for which a stable and positive effect on productivity is estimated for the various firms' subgroups (results shown in Table 6 ), shows a positive association also across the three size groups in Table 7 : the coefficients are similar in size, but statistically significant only for small and large firms. Focusing on Irish firms only, all the impact of organisational capital can be ascribed to small firms, with coefficients close to zero and with no statistical significance on medium and large Irish enterprises.
The association between investment in IP assets and firms' productivity is less stable than the one found for the intangibles explained above: a positive and significant coefficient is estimated for SMEs, which is mostly due to the effect found in the medium-sized firms. For Irish firms, only large firms appear to benefit from investing in IP assets. Lastly, when all firms are considered, the impact of the other intangible investments appears to be statistically insignificant, with the exception of the subgroup of large firms. Table 8 shows that specific KBC assets have heterogeneous effects also between exporters and nonexporters, with productivity of exporters being affected more than productivity of non-exporters.
On both the subsamples of Irish and foreign firms, R&D investment results to affect productivity of exporters, while it not statistically significant for non-exporters. Similarly, investment in software is associated with productivity gains only for the subgroup of firms that export; with the addition that no impact is detected for Irish firms. Higher organizational capital results associated with higher productivity on virtually all subsamples represented in Table 8 , with the exception of Irish exporters, which is somewhat surprising. Lastly, investment in IP assets are found to affect productivity of exporting firms only, and only if with Irish ownership. 
R&D versus non-R&D investment
Having analysed the association between firm productivity and the aggregate investments in intangible assets first, and having looked at the specific types of intangibles next, we now provide an additional examination of the productivity-investment in KBC nexus. In fact it is of interest to contrast the effect of scientific R&D to that of the rest of intangible investments, which can be grouped into a broad group of non-R&D intangible investments. The results of this analysis are shown in Table 9 , where we introduce a variable for non-R&D, computed by summing together the investments in software, organisational capital, IP assets and other intangible assets.
Investment in R&D is found to be a more important determinant of firm productivity, relative to investment in non-R&D intangible assets: both types of intangibles are positively and significantly associated with productivity, but, when all firms are analysed together, the estimated coefficient for investment in R&D is almost three times as large as the one for investment in non-R&D intangible assets.
This aggregate result hides some important heterogeneity. In line with the finding reported in Table   9 in the previous section we see that, for Irish firms' productivity, investment in R&D is a great deal more relevant than investment in non-R&D, both economically and statistically. Also for foreignowned firms, the estimated effect of investment in R&D on productivity appears to be larger than the effect of investment in non-R&D. However, for this group of firms the gap between the effects of the two types of intangible investment is smaller, the link between investment in non-R&D intangible assets being statistically more significant than in the case of investment in R&D.
For manufacturing firms we find a very similar (and significant) effect of investment in R&D and in non-R&D intangible assets, while for service firms the estimated coefficient for investment in R&D is about 10 times larger than the one for investment in non-R&D intangible assets. In this latter case though, the significance of both effects are very strong.
For the remaining subgroup of firms analysed, firms in non-knowledge intensive industries and firms in non-food industries appear to have similar behaviours with respect to the impacts of investment in R&D and in non-R&D intangibles. In contrast, for firms in knowledge-intensive industries only investment in non-R&D intangible assets appears to be significantly linked to productivity. For firms in the food industries, even though both estimated coefficients are positive, these are not statistically significant.
The last table presented in this paper breaks out the effect of investments in R&D and in non-R&D intangibles on productivity across the three size groups. Estimates in Table A7, in the Appendix,   27 confirm the results discussed so far: investment in KBC affects the productivity of small and mediumsized firms (column 1-4), with this effect being limited to small Irish-owned firms when foreign firms are excluded from the analysed sample (columns 5-8). The impact of investment in R&D is found to be more sizable than investment in non-R&D intangibles, especially in the case of small Irish-owned firms. Standard errors clustered at the NACE 2-digit sector level in parentheses; ' p <0.15, * p <0.10, ** p <0.05, ***p < 0.01. Value Added (VA) was calculated as the difference between turnover and the cost of material and services. Source: Authors' estimates based on CIP and ASI data.
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Conclusions and Policy Implications
The results of this analysis indicate that investment in KBC is strongly associated with firm productivity. On average, over and above other factors, a 10 per cent increase in the investment in KBC per employee is associated with a 2 per cent productivity gain. This result is driven to a large extent by the performance of foreign-owned firms, for which the link between investment in KBC and productivity is statistically stronger in comparison to Irish-owned firms. On the other hand, Irishowned firms appear to benefit more than foreign-owned firms from investment in KBC.
One key finding of this research is that investment in KBC appears to be more important for productivity than investment in tangible assets which, over and above other factors, does not have a significant effect.
Investment in KBC impacts mostly on the productivity of SMEs (firms with 20 to 250 employees in this analysis). However, in the group of Irish-owned firms, it appears that investment in KBC has a positive and significant effect over and above other factors only for smaller firms (those with 20 to 50 employees). Taken together, these results suggest that investment in KBC impacts mostly at a lower point of the firm size distribution in the case of Irish-owned firms, and at a higher point when foreign-owned firms are also taken into account. The productivity of large firms, those with 250 and more employees appears to be mostly affected by investment in computer software, in organisational capital and in other intangible assets.
The effect of investment in KBC on productivity appears to be stronger in manufacturing firms than in services firms. Within manufacturing, firms in food industries appear to be more responsive to investments in KBC than firms in non-food industries. However, the estimates for firms in the food industries are not very robust across the different model specifications. This result could be explained by the smaller number of firms in this industry group relative to the other analysed industry groups.
Investment in R&D is consistently positively linked to firms' productivity across all firms, as well all as all sub-samples analysed, with the exception of large firms. The strongest link between R&D investment and productivity id found for smaller Irish-owned firms (firms with 20 to 50 employees in this analysis). Productivity in manufacturing firms appears to be more responsive to investment in R&D than the productivity of firms in services.
In the case of investment in non-R&D assets (software, organisational capital, IP assets and other intangibles), investment in software is most strongly associated with productivity gains (both economically and statistically). Higher investment in organisational capital also appear to affect positively the productivity of the various types of firms analysed, regardless of firms' ownership or sector of activity. In contrast, investing in IP assets affects mostly the productivity of foreign-owned 30 firms. Among Irish-owned firms, only the productivity of large firms is responsive to investment in IP assets. Investment in other intangibles (not elsewhere classified) impacts only on the productivity of large firms.
Finally, pooling together investments in the various non-R&D intangibles and contrasting their effect on productivity with that of investment in R&D, we find the responsiveness of productivity is larger to investment in R&D relative to investment in non-R&D intangible assets. This result is especially strong for the subgroup of Irish-owned firms, and within this group for smaller firms, those with 20 to 50 employees.
Taken together, our research results indicate that investments in various types of KBC assets have different effects on productivity across Irish-owned and foreign-owned firms. For Irish-owned firms, the largest productivity gains are found for investment in R&D intangible assets and in organisational capital. For foreign-owned firms, the largest productivity gains are linked to investment in non-R&D intangible assets such as computer software, intellectual property assets and organisational capital.
The empirical evidence provided in this paper suggests a number of implications for the design of policies and strategies aimed at improving productivity and competitiveness in the enterprise sector.
First, the results of this analysis indicate that a more comprehensive policy approach to incentivise investment in a broader range of intangible assets beyond R&D such as computer software, IP assets, and organisational capital could be beneficial.
Second, the evidence provided in this paper suggests that policy measures should be targeted to specific groups of firms, namely Irish-owned and foreign-owned. In the indigenous sector the issue to be addressed would be incentivising investment in non-R&D intangibles while in the case of foreign-owned firms further efforts to stimulate additional R&D investments in Ireland could be beneficial.
Third, the results of this analysis also suggest that a sectoral policy approach would be useful, particularly aiming to incentivise investment in intangibles in the services sector. : 9, 19, 21, 26, 51, 58, 59, 60, 61, 62, 63, 64, CIP and ASI data, 2006-2012, and Eurostat 65, 66, 69, 70, 71, 72, 73, 74, 75, 78, 79, 80 
